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Introduction
Popular observation of the use and efficacy of medicinal plants in wound healing has contributed significantly to the study of their properties and therapeutic effects. In this respect, folk medicine raises the interest of researchers in studies that involve multidisciplinary areas 1 Jatropha curcas L. (family Euphorbiaceae), known as "pinhão manso" (physic nut), is native to tropical countries and can be cultivated in areas with poorly fertile soils and unfavorable climate. These characteristics make the plant a promising biofuel 5, 6 .
Although the oil has a high energy content, other components of this plant may also be used as an energy source 7, 8 . However, this plant is not only economically and environmentally important as a source of biodiesel, but is also used as a folk remedy in many countries for the treatment of various diseases. All parts of the plant can be used for a variety of purposes. The latex derived from J.
curcas has medicinal, pesticidal and antimicrobial properties and is widely used as a healing agent 9 . Villegas et al. 10 , studying the wound healing activity of the latex in rats, found that this property is due to the presence of a proteolytic enzyme. The roots, stems, bark, leaves, seeds and fruits, fresh or cooked, are widely used in traditional folk medicine in many parts of Western Africa 11, 12 .
Esimone et al. 13 obtained promising results with an ointment containing fresh J. curcas leaf extract applied to excision wounds created in the back skin of albino rats. In a study using albino mice, Shetty et al. 14 showed that crude J. curcas bark extract was effective in accelerating the healing process of experimentally induced skin wounds. Direct application of crushed leaves of the plant to cuts and wounds has been shown to promote coagulation.
The seeds of J. curcas are used as anthelminthic agent and for the treatment of gout, paralysis, ascites, and skin disease. The seed oil of the plant has been to shown to be effective in treating rheumatic diseases, parasitic skin diseases, itching, jaundice and fever, as well as a diuretic agent [14] [15] [16] [17] .
The wound healing process is a well-organized chain of biochemical and cellular events that promote platelet aggregation, 24, 25 .
Preparation of the extract
The seeds of Jatropha curcas L. (Euphorbiaceae) were selected, broken down into smaller pieces on dry ice, and ground with a knife mill. The material was then extracted with hexane in an extractor tank under pneumatic agitation for 1h. The procedure was repeated three times and the solvent was changed between extraction runs. The extracted material was concentrated by rotary
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evaporation until only the oil was left.
Experimental model
A trichotomy was performed 48h before surgical intervention. After local asepsis, the animals were anesthetized with xylazine hydrochloride ( 
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.
Collection and preparation of samples for structural analysis
Three animals from each group were sacrificed with an overdose of the anesthetic at two, six, ten and 14 days after experimentally induced injury. The total wound area (120 to 160 mm 2 ) was removed for structural and morphometric analyses. Each sample was removed and fixed in 10% formalin in Millonig buffer, pH 7.4, for 24h at room temperature. Next, the specimens were washed in the buffer solution and processed for embedding in Paraplast ® . Longitudinal sections (7 µm) were stained with hematoxylin-eosin for routine histology and with picrosirius-hematoxylin for the observation of collagen fibers. The specimens were examined and documented under a Leica DM 2000 photomicroscope at the Laboratory of Micromorphology, Herminio Ometto University Center, UNIARARAS.
Morphometric analysis
Images from cross-sections of the mid-region of the experimental wound were captured and digitized using a Leica A level of significance of 5% was adopted 26 .
Results
Tissue repair was studied in the different groups by comparing inflammatory and proliferative processes and tissue reorganization. For this purpose, samples were collected from the wound area two, six, ten and 14 days after experimentally induced injury. Temporal differences in tissue repair were observed between the different treatments.
All samples obtained from control animals (group A) and animals treated with the J. curcas seed oil (group C) were similar in terms of the parameters studied. In these groups, the inflammatory phase was already established by day 2 after injury and the structural features of the proliferative and remodeling phases were observed between day 6 and day 14 ( Figure 1 ).
Differences were observed for animals submitted to microcurrent stimulation (group B) and microcurrent stimulation plus J. curcas seed oil (group D). These animals presented an increase in the total number of cells in the wound area by day 6 when compared to groups A and C. On day 10, this area was already reepithelialized and the collagen fibers were compacted and reorganized. Tissue repair was significantly higher in groups B and D between day 6 and day 10 when compared to groups A and C, but remained stable between days 10 and 14 in all groups (Figure 2 ).
An expressive increase in the total number of cells in the repair area was observed between days 2 and 6 after surgically induced injury in all groups. However, this number was higher in groups B and D after 10 and 14 days of treatment (Figure 3 ). These same parameters were seen for the formation of newly formed blood vessels, with the observation of significantly larger numbers in groups B and D (Figure 4) . Reorganization of the wound area was similar in the different groups (Figures 1 and 5) . ) in wounds experimentally induced in Wistar rats. Group A, control; group B treated with microcurrent (10 μA/2 min/day); group C treated with Jatropha curcas seed oil, and group D treated with Jatropha curcas seed oil and microcurrent (10 μA/2 min/day). Tissue samples were collected on day 2 (2d), 6 (6d), 10 (10d), and 14 (14d) after injury. Results are reported as the mean and standard deviation of each group and were compared by ANOVA and Tukey's posthoc test (p<0.05). The asterisk indicates significant differences between time points. ) in wounds experimentally induced in Wistar rats. Group A, control; group B treated with microcurrent (10 μA/2 min/day); group C treated with Jatropha curcas seed oil, and group D treated with Jatropha curcas seed oil and microcurrent (10 μA/2 min/day). Tissue samples were collected on day 2 (2d), 6 (6d), 10 (10d), and 14 (14d) after injury. Results are reported as the mean and standard deviation of each group and were compared by ANOVA and Tukey's post-hoc test (p<0.05). The asterisk indicates significant differences between time points. FIGURE 5 -Epithelial thickness (µm) in wounds experimentally induced in Wistar rats. Group A, control; group B treated with microcurrent (10 μA/2 min/day); group C treated with Jatropha curcas seed oil, and group D treated with Jatropha curcas seed oil and microcurrent (10 μA/2 min/ day). Tissue samples were collected on day 2 (2d), 6 (6d), 10 (10d), and 14 (14d) after injury. Results are reported as the mean and standard deviation of each group and were compared by ANOVA and Tukey's post-hoc test (p<0.05). No significant differences were observed between time points. FIGURE 6 -Percent area occupied by mature collagen fibers in relation to total repair area in wounds experimentally induced in Wistar rats. Group A, control; group B treated with microcurrent (10 μA/2 min/day); group C treated with Jatropha curcas seed oil, and group D treated with Jatropha curcas seed oil and microcurrent (10 μA/2 min/day). Tissue samples were collected on day 2 (2d), 6 (6d), 10 (10d), and 14 (14d) after injury. Results are reported as the mean and standard deviation of each group and were compared by ANOVA and Tukey's post-hoc test (p<0.05). The asterisk indicates significant differences between time points.
Analysis of the dermal extracellular matrix showed intense deposition of collagen fibers in all groups in the first days after experimentally induced injury. Marked fiber remodeling and an increase in the degree of fiber compaction were observed between days 10 and 14. In all groups, this remodeling of new fibers first became evident at the periphery of the wound area and then extended into the center of the newly formed tissue ( Figure   1 ). These data were confirmed by differences in the area occupied by birefringent fibers in relation to the total repair area ( Figure 6 ), with animals of groups B and D presenting significantly higher values than those of groups A and C.
No elastic system fibers were detected in the repair area until day 10 of treatment in any of the groups. However, elastic fibers were seen close to the epidermis on day 14 after experimentally induced injury (Figure 1) .
Discussion
In the present study, application of Jatropha curcas L. seed oil alone had no beneficial effects on the healing time of wounds experimentally induced in Wistar rats. However, significant effects were observed when the oil was applied simultaneously with microcurrent stimulation. In this respect, microcurrent application alone or in combination with the seed oil promoted an increase in the total number of cells, number of newly formed blood vessels, epithelial thickness, and compaction of mature collagen fibers in the wound area of animals on days 10 and 14 after experimentally induced injury.
In a phytochemical study of ethanolic leaf extract of J. According to Mendonça et al. 23 , microcurrent application to wounds might be used as a coadjuvant to accelerate the healing process, increasing fibroblast proliferation, angiogenesis, and collagen deposition at the site of injury.
Similar effects were observed when microcurrent and J.
curcas seed oil were applied simultaneously to the wounds. These findings agree with experimental studies combining microcurrent stimulation and plant extracts 23, 39, 40 . However, analysis of the findings indicates that the positive effects of this combination were the result of microcurrent stimulation and not of the J. curcas seed oil since the latter alone did not promote significant wound healing in treated animals. Therefore, the efficacy of the seed oil in wound healing does not seem to be the same as that reported for the crude leaf extract of this plant 
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, the concentration of tannins, flavonoids, saponins, and phenols is much lower in the seeds of this species compared to its leaves.
Conclusion
The J. curcas seed oil alone was not effective in promoting the healing of wounds experimentally induced in the back skin of Wistar rats, whereas microcurrent application alone or combined with the oil exerted significant effects on the different parameters studied when compared to the control group.
